Abstract
Introduction
As it is known, soils and sediments are principal environmental sinks for both major and trace elements. Their content in soils is derived, either through natural processes such as the weathering of parent rocks, or through anthropogenic activities such as industry and agriculture. Since Potentially Toxic Trace Elements (PTTE) are regarded as one of the main sources of pollution in the environment, the study of their distribution is very important, especially from an environmental point of view, explicitly because many human activities mobilize and redistribute elements in the environment, often causing adverse effects. Elevated concentrations of PTTE in soils and sediments may re-sult in an increased uptake of PTTE by crops and vegetables which, in turn, may have a negative effect on animals and human health (Hesterberg 1998; Fernandez-Turiel et al., 2001; Georgakopoulos et al., 2001; Kabata-Pendias and Pendias, 2001; Cui et al., 2005) .
The objectives of this study were to describe the chemical dataset collected and to investigate the geochemical identity of the surface soils of the Kavala area, with the intention of identifying the possible elemental sources in the area, whether natural and/or anthropogenic. In order to reach this goal, several methods where applied. However, in this paper are presented the results of the comparison between the elemental concentrations of the surface soils and the surrounding rocks of the Kavala area.
Study area -Geological setting
The study area is the city of Kavala, its industrial zone and their surroundings (Fig. 1) . The climate of the area shows general Mediterranean characteristics. The mean temperature is 4.0°C in January and 24.5°C in July, while the prevailing wind is from SE (H.N.M.S. 1978 , Petalas et al., 2004 . Land uses in the area may be divided into four categories: agricultural, uncultivated, industrial and residential (Fig. 1) . The main industrial activities are the Phosphoric Fertilizer Industry (P.F.I.) and the Kavala Oil land facilities. The first industry produces phosphoric fertilizers, pesticides and other similar products and its main byproduct is phosphogypsum, while in the second industry oil desulphurization takes place. Other activities include some small enterprises that exploit and market local marbles and the Xifias Fishery enterprise which terminated its activities during the undertaking of the present research. Also, near the Kavala Oil land facilities and the Xifias Fishery, several uncontrolled landfill sites exist.
The study area is a part of the Rhodope massif and it consists of metamorphic and plutonic-eruptive rocks (Fig. 2) . The main rock types in the area are: a) gneisses and schists, b) limestones and marbles, c) granitic and granodioritic rocks and d) sedimentary deposits. The intense plutonism of the Rhodope is represented by granites, granodiorites, monzonites, quartz monzonites and diorites of Eocene, Oligocene, and Miocene age (Kilias et al., 1999; Christofides et al., 2001, Pe-Piper and Piper 2002) . Additionally, Pyrite-Blende-Galena (PBG), Au, Cu, Mn, and Fe mineralizations and ore deposits are widespread in the study area (Filippidis et al., 1996; Vavelidis et al., 1996 Vavelidis et al., , 1997 (Fig. 2) .
Methodology

Sampling and sample preparation
In total, 65 surface soil samples were collected between November 2002 and January 2003 (Fig. 1) . Surface soil was selected because it is very sensitive to anthropogenic influences. This kind of samples is well suited for gaining information on the long-term impact of trace metals accumulation (Ramsey, 1997 , Kabata-Pendias and Pendias, 2001 . Along with the soil samples, 8 rock samples from the surrounding rocks of the study area were collected. An effort was made so all the major rock types present in the area were represented (Tables 1 and 2 ).
All soil samples were dried in an oven at 40°C. After sieving, the < 200μm fraction was used due to the fact that environmentally available trace elements mainly remain in this fraction (FernandezTuriel et al., 2001 , Kabata-Pendias and Pendias, 2001 , Papastergios et al., 2009 ). The rock samples were crushed and pulverized in an agate mortar and followed the same procedure as the soils did.
The elements analyzed were extracted with analytical grade, concentrated (65%) HNO 3 . The HNO 3 extraction procedure is a very strong acid digestion that puts in solution almost all elements that could become "environmentally available" (Walsh et al., 1997 , Sastre et al., 2002 . Analytical grade HNO 3 has been selected in order to work with extreme analytical conditions, and maintain, at the same time, the compatibility of the leachate with the input solution in ICP-MS and ICP-OES (direct determination after dilution). In the present work, a 0.1 g aliquot of each sample was placed into 14 mm diameter polyethylene tubes. Then, 2 ml of HNO 3 were added. All samples were placed in a rotary shaker for 24h. After the extraction procedure, the solution was filtered in 100 ml volume flasks. The volume flasks were made up volume with Milli-Q type deionized water of 18.2 MΩ/cm. 
Analytical methods
Ten major (Al, Ca, Cl, Fe, K, Mg, Na, P, S and Si), and 32 trace element (Ag, As, B, Ba, Cd, Ce, Co, Cr, Cs, Cu, Ga, Ge, Hg, La, Li, Mn, Mo, Ni, Pb, Rb, Sb, Se, Sn, Sr, Th, Ti, U, V, W, Y, Zn and Zr) concentrations were determined in all samples by Inductively Coupled Plasma -Optical Emission Spectrometry (ICP-OES) and Inductively Coupled Plasma -Mass Spectrometry (ICP-MS). A Perkin Elmer Optima 3200RL with a Perkin Elmer Autosampler AS-90+ was used for the ICP-OES analyses, while a Perkin Elmer Sciex Elan 6000 with a Perkin Elmer AS-91 automatic sampler was used for the ICP-MS analyses. The analyses were performed at the SCT-UB (Scientific Technical Services of the University of Barcelona), Barcelona (Spain). Details on ICP-MS analysis can be found in Fernandez-Turiel et al. (2000) .
In order to check the quality of the results, the same methods were applied to the reference materials CANMET SO-1, SO-2, SO-3, SO-4, as well as to four replicates of a randomly selected sample. The methodology used, achieved precise analysis for practically all reference materials. Many elements exhibited Relative Standard Deviations (RSD) lower than 3%, and some around 1% (e.g., Ca, Mg, Fe, Al, Pb, Sr). Exceptions were Na, S, Cl, B, Cd, Ge, Hg, Sb and Se, probably due to their low concentrations (close to the quantification limits) in the reference materials. In regard to the extraction procedure's repeatability, many elements exhibited RSD values lower than 5%. Similarly, some of the worst values could be attributed to the low concentrations of these elements. Detailed results regarding the methodology used are given in Papastergios (2008) .
Results and discussion
Before comparing the results between the soils and the surrounding rocks, the concentrations of the surrounding rocks were compared with similar rock types, in order to disclose any unusual concentrations. The average concentrations of carbonates, shales and granites, as given by Faure (1992) were used for these comparisons. The results revealed that, only Ag (in marbles and granites) and Cd and Co (in marbles) are found with, relatively, elevated concentrations. The rest of the elements, for all rock types of the study area, are found within normal ranges (Papastergios, 2008) . Table 1 shows the average leached concentrations for the major elements of the surrounding rocks and the surface soils of the study area. The two most abundant elements for both the surrounding rocks and surface soils are Ca and Fe, with an average concentration of 124.64 g kg -1 and 27.98 g kg -1 for Ca and 8.28 g kg -1 and 6.35 g kg -1 for Fe, respectively. This came as no surprise, as marbles are the dominant rock type and Fe mineralizations are common, in the area (Fig. 2) . Concerning the surrounding rocks, Mg and Al are the next two elements with high concentrations, around 2.3 g kg -1 and they are followed by P, Cl, Na, Si and S, which all have concentrations lower than 1 g kg -1
Major elements
. The order changes slightly, for the surface soils. After Ca and Fe, the elements with the highest concentrations are Al, Mg, Na and Cl with average concentrations between 4.5 and 1.0 g kg -1
. The rest of the elements (P, S and Si) have concentrations below 1.0 g kg -1
.
A series of comparisons were generated between the surface soil samples and the surrounding rocks samples (as a total and separately with each rock type) of the study area (Table 1 ). The aim of the comparisons was to identify whether the surrounding rocks of the study area could provide the surface soils of Kavala with their elemental content.
The results indicate that Al, Ca, Fe, K, Mg, P and Si are found in the surface soils of the present study as a result of natural processes, such as the weathering of parent rocks and pedogenesis, since their Enrichment Factors (EF) are lower than 3 (Table 1) . On the other hand, Cl, Na and S are found in the surface soil samples with concentrations that seem to be elevated (EF larger than 3) and that could not have been provided solely by the erosion of the surrounding rocks. In the case of S, potential sources could be the PBG ore occurrences and the Kavala Oil land facilities, with the second being, most likely, the case, especially since almost all elevated values are found in its vicinity. The S deriving from the desulphurization of the oil is stacked in opencast sites inside the Kavala Oil land facilities and hence, is freely transferred by the wind. Additionally, the samples with, both Cl and Na elevated values, are found in the same area (Papastergios 2008) . In fact, almost all samples that show elevated values are common. According to Kabata-Pendias and Pendias (2001) elevated Cl values are connected with the usage of mineralized waters and/or fossil fuels (i.e., oil, carbon, gas etc). Although, the transfer of sea water aerosols and the deposition of NaCl particles on the surface soils cannot be excluded. Table 2 shows the average leached concentrations for the trace elements of the surrounding rocks and the surface soils of the study area. For the calculation of the descriptive statistics, values that were below the detection limit for each element were substituted by half its detection limit. For the surrounding rocks, only Mn had an average concentration larger than 100 mg kg -1 (269.45 mg kg -1 ), while for the surface soils two elements (Mn: 524.2 mg kg -1 and Zn: 147.68 mg kg -1 ) had concentrations above 100 mg kg -1 . Elements with concentrations between 100 and 1 mg kg -1 were Sr, Ti, Ba, Zn, Rb, Cr, Cu, Ni, Ce, Pb, Th, Y, V, B, Li, La, Co, As, W, Cs, U, Mo, Ga and Sn, for the surrounding rocks, while the respective elements for the surface soils were Ba, Ti, Pb, As, Sr, Ce, Cu, V, Rb, Cr, Ni, La, Y, B, Co, Th, Li, Ga, Zr and Cs. The rest of the elements, either for the surrounding rocks (Se, Zr, Cd, Sb, Hg, Ag and Ge) or the surface soils (U, Se, Ag, Cd, Sn, W, Sb, Mo, Hg and Ge), had concentrations that were below 1 mg kg -1 .
Trace elements
The comparisons between the surface soil samples and the surrounding rocks samples indicate that B, Ba, Cd, Ce, Co, Cr, Cs, Cu, Ga, Ge, Hg, La, Li, Mn, Mo, Ni, Rb, Sb, Se, Sn, Sr, Th, Ti, U, W, Y, and Zr are found in soils of the Kavala area with concentrations that could have been provided through natural processes, since they have EF that are lower than 3 (Table 2) . On the contrary, Ag, As, Pb, V and Zn show elevated concentrations which must not be attributed to the weathering of parent rocks, alone. The PBG ore occurrences of the study area may be regarded as possible contributors. However, with the exception of few samples located in the west part of the study area, the rest of the samples are situated far away from the PBG ore occurrences and near the industrial area of Kavala. In fact, the samples that are situated inside the industrial area of Kavala have larger concentrations than those situated outside (Fig. 1, Table 3 ) and, moreover, most of the samples with the elevated concentrations are found in the direction the prevailing wind blows (Papastergios et al., 2004 , Papastergios 2008 . Furthermore, all of the aforementioned elements have been connected to anthropogenic activities such as the ones taking place in the study area (Kabata-Pendias and Pendias 2001); therefore, these activities must have contributed to the elevated concentrations of the former elements in the surface soils of the study area. Additionally, given that the elemental content of the surrounding rocks has been found to be within normal ranges, the influence of the anthropogenic activities on the surface soils of Kavala, especially near its industrial area seems very likely, particularly, since the majority of the elevated concentrations are found near that area.
The negative influence of the local anthropogenic activities has been suggested for organic pollutants (Grigoriadou et al., 2008a, b) and heavy metals in street dust and roadside soil along the major national road in Kavala's region (Christoforidis and Stamatis, 2009) , by other researches as well. In fact, recently developed research, regarding the prefecture of Kavala, has reported that it has a higher rate of mortality (per 1000) by approximately 20% due to cancer, cardiac and pulmonary diseases than compared to the National average and that this observation could be linked to local environmental contamination activities (Theophanides et al., 2007) .
Conclusions
The comparisons between the surface soil samples and the surrounding rocks of the study area indicate that the majority of the major elements (Al, Ca, Fe, K, Mg, P, Si), as well as of the trace elements (B, Ba, Cd, Ce, Co, Cr, Cs, Cu, Ga, Ge, Hg, La, Li, Mn, Mo, Ni, Rb, Sb, Se, Sn, Sr, Th, Ti, U, W, Y, Zr) are found in the surface soils of Kavala with such concentrations that are considered as the product of natural processes such as the weathering of parent rocks and pedogenesis. However, there are some elements, both major (Cl, Na, S) and trace (Ag, As, Pb, V, Zn) that are present in the surface soils of the study area with elevated concentrations that cannot be regarded as the sole product of natural processes. In these cases, it seems very likely that the anthropogenic activities taking place in the industrial area of Kavala have contributed, at least partly, to these elevated concentrations, especially for the samples situated inside the industrial zone of Kavala. Additional statistical treatment of the data presented herein would provide further insight in the relationships between the elemental content of the surface soils and the natural and anthropogenic processes taking place in the study area.
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